Abstract In recent years, there has been significant shift from rigid development (RD) toward agile. However, it has also been spotted that agile methodologies are hardly ever followed in their pure form. Hybrid processes as combinations of RD and agile practices emerge. In addition, agile adoption has been reported to result in both benefits and limitations. This exploratory study (a) identifies development models based on RD and agile practice usage by practitioners; (b) identifies agile practice adoption scenarios based on eliciting practice usage over time; (c) prioritizes agile benefits and limitations in relation to (a) and (b). Practitioners provided answers through a questionnaire. The development models are determined using hierarchical cluster analysis. The use of practices over time is captured through an interactive board with practices and time indication sliders. This study uses the extended hierarchical voting analysis framework to investigate benefit and limitation prioritization. Four types of development models and six adoption scenarios have been identified. Overall, 45 practitioners participated in the prioritization study. A common benefit among all models and adoption patterns is knowledge and learning, while high requirements on professional skills were perceived as the main limitation. Furthermore, significant variances in terms of benefits and limitations have been observed between models and adoption patterns. The most significant internal benefit categories from adopting agile are knowledge and learning, employee satisfaction, social skill development, and feedback and confidence. Professional skill-specific demands, scalability, and lack of suitability for specific product domains are the main limitations of agile practice usage. Having a balanced agile process allows to achieve a high number of benefits. With respect to adoption, a big bang transition from RD to agile leads to poor quality in comparison with the alternatives.
Introduction
Software development is a complex process, which includes aspects such as planning, requirements engineering, architecture, implementation, testing, and reviews as well as inspections (Petersen 2007) . In order to handle the complexity and increase control over the success factors [scope of a project, budget, deadlines (Sommerville 2010) , and quality (Chow and Cao 2008)] , it is suggested to use a structured approach that would organize the development process (Boehm 2000; Charette 2005; Paulson 2001; Sommerville 2010) . Two development models are commonly distinguished: RD and agile (Boehm 2002; Hirsch 2005; Paulson 2001; Petersen and Wohlin 2010) .
In recent years, there has been observed a significant shift from traditional, RD development toward agile approaches, which is mostly caused by the market dynamics and constantly changing customer needs (Hirsch 2005; Nerur et al. 2005; Petersen and Wohlin 2010; VanderLeest and Buter 2009) . Researchers claim that combining the two approaches might result in recognizable advantages (Boehm 2002) . On the other hand, agile adoption is considered as a challenging process Laanti et al. 2011; Hirsch 2005) . Also, hybrid approaches are emerging (Connors 1992; Ganis et al. 2005; Hayata and Han 2011; Petersen and Wohlin 2010; West et al. 2010) . Agile adoption results in both benefits and limitations (Petersen 2007) . However, evidence is limited of how and to what extent agile is adopted in industry and what the actual effects of adoption are (Dybå and Dingsøyr 2008; Petersen 2007) , especially when time and evolution of agile practices use is taken into account. Dybå and Dingsøyr (2008) explicitly emphasizes the lack of longitudinal studies when investigating agile, considering the time dimension.
This article presents an empirical investigation of software development organizations that claim to have adopted agile. The development processes are captured in terms of the applied RD and agile practices. The effects of agile adoption are measured through the extent to which practitioners perceive benefits and limitations. Contributions to knowledge about agile software development are as follows:
1. Identification of development models by clustering and identifying patterns of current practice use. A development model in the context of this study is referred to as a similar set of practices used by a group of companies. These are established by cluster analysis to find groups of companies applying similar practices. 2. Identification of adoption scenarios by capturing practice usage over time. An adoption scenario is describing how practices are added and removed over time. For instance, a scenario could be a big bang change in practices in comparison with a gradual addition of practices over time. 3. An investigation of agile benefits and limitations is followed by creating a ranking considering the relative significance of the benefits and limitations as perceived by practitioners in relation to 1 and 2. To capture the information, an extended hierarchical voting analysis framework (Kuzniarz and Angelis 2011 ) is used. Hierarchical voting is a common approach in research studies to capture relative priorities (Rovegard et al. 2008; Kuzniarz and Angelis 2011; Rinkevics and Torkar 2013) .
The remainder of the paper is organized as follows: Sect. 2 presents the related work. Section 3 explains the research method used, followed by the results in Sect. 4. Section 5 discusses the results and provides the main implications for research and practice. Section 6 concludes the paper.
The extent to which agile and RD practices are used is not clear. Little information can be found that would reveal patterns for combining actual practices of both approaches. Moreover, there is no clear evidence how adoption of agile practices actually affects the development processes and meets the adopters' expectations over time. There are likewise organizations that have a lack of structured approaches to software development (Drehmer and Dekleva 2001; Quispe et al. 2010) or, on the contrary, follow a completely RD methodology.
Literature on practices
For this prioritization study, the practices to be surveyed needed to be identified. A number of studies have served as sources for identifying agile practices. Five studies were having an explicit focus on identifying and surveying agile practices (Kurapati et al. 2012; Dogs and Klimmer 2004; Begel and Nagappan 2007; Petersen and Wohlin 2010) . The number of practices identified range from 14 to 59 (Dogs and Klimmer 2004) .
A recent study on agile (Kurapati et al. 2012 ) elicited which agile practices were used by software development practitioners. The study consolidated a list of agile practices from a number of additional studies identifying and listing agile practices (cf. Dybå and Dingsøyr 2008; Williams 2010) . Given that Kurapati et al. (2012) present a manageable set of agile practices, the study served as input for the survey used in this study. The studies described in the related work of Kurapati et al. (2012) were reviewed again in order to verify the completeness of the practices set and were complemented in case an important practice was missing. It is also important to mention that one practice used in the survey subsumes several other practices (e.g., face-to-face communication subsumes the practices team sits together, open office space, and video conferencing needed in case of distributed teams). An overview of the practices and which other practices they subsume is given in Appendix 1.
Agile benefits and limitations
Agile benefits and limitations have been extensively investigated in previous years. There are a number of studies in which researchers attempted to identify particular factors or simply reported positive and negative experiences from agile adoption processes. Studies focusing on capturing and reflecting on agile benefits and limitations are used to derive the lists of benefits and limitations to be surveyed in this study. Ten studies in total are used, each study being shortly summarized. Dybå and Dingsøyr (2008) conducted a comprehensive literature review on empirical studies of agile software development. The study investigated the known benefits and limitations. However, most of the studies under investigation were related to XP. Wohlin (2009, 2010) attempted to refer benefits and limitations from the literature to an industrial case. The research was based on 33 interviews carried out in a large-scale company. The researchers tried to detect potential problems that need to be addressed in large-scale development when adopting agile.
Petersen (2011) compared two software development paradigms: lean and agile development. The author, apart from comparing goals, principles, practices, and processes of both paradigms, mentions a list of advantages and disadvantages. Begel and Nagappan (2007) conducted an exploratory study on agile development. The research was confined to development teams at Microsoft. The researchers tried to ask the participants what the top 3 benefits and limitations of agile were. This part of the survey was free-response. The answers were then consolidated, and a list of common themes related to benefits and limitations was created. A ranking of commonly reported benefits and limitations was formed afterward. Williams (2010) conducted a survey of early adopters on agile development. They reported a list of agile benefits and challenges as perceived by practitioners. They collected the data through structured questions about factors. Moreover, respondents had opportunity to leave complement comments. The majority of the respondents, 82 %, were taken from the United States of America. The study revealed a ranking of benefits and limitations; however, the method used was not explained. Pikkarainen et al. (2012) attempted to identify strengths and barriers of agile adoption in three software companies. The companies were initially RD organizations adopting agile methods. The strengths and barriers were collected from development-related people during interviews and workshops. Laanti et al. (2011) conducted a survey-based research with a purpose of agile benefits recognition during large-scale transformation within Nokia. Quantitative as well as qualitative data were collected from the opinions of practitioners. In the quantitative part, the respondents were requested to indicate on a sliding scale whether they agree or disagree with a benefit-related statement. Afterward, the participants were asked to express in a free-response section opinions on benefits and challenges of agile methods. A set of benefits and limitations was identified. Many of the findings are comparable with Dybå and Dingsøyr (2008) and .
Previous studies have focused on investigating which practices do practitioners use, and which benefits and limitations have been noted. However, previous research has not focused on identifying the relative degree to which benefits and limitations are experienced. Furthermore, the benefits and limitations have not been related to the combinations of practice usage and taking the history of practice use into account. This paper focuses on both, relative priorities as well as their relation to practice usage.
Research method

Research questions
Four research questions are answered in this research study:
• RQ1: Which practice combinations are currently used by practitioners?
• RQ2: Which strategies were followed in adopting agile practices over time?
• RQ3: Which are the most significant/insignificant benefits of agile practice usage?
• RQ4: Which are the most significant/insignificant limitations of agile practice usage?
Subjects
Research studies using a similar research methodology as this study, but with different research questions, have obtained 18 answers (Rovegard et al. 2008 ) and 24 answers (Kuzniarz and Angelis 2011) , using convenience sampling. The same sampling strategy (relying mainly on personal contacts in Poland and Sweden) in combination with the use of agile forums and communities (Twitter, Meetup, LinkedIn, agile communities, Yahoo, and Software Qual J (2016) 24:447-482 451 Google groups) has been applied in this study. This makes it challenging to gather answers only through Internet forums and mailing lists. In total, 63 respondents started the survey and 39 respondents completed the benefits and limitations part. Table 1 gives a complete overview of the number of responses obtained. The majority of answers have been obtained through personal contacts (see Table 2 ), given that the prioritization study is timeintensive as many comparisons have to be made and alternatives have to be weighted against each other.
Questionnaire design and construction
The data collection instrument is a self-developed questionnaire provided online, including four core parts.
Part 1 Warm-up and context information
It is important to establish context elements to understand to which degree results are transferable between similar contexts ), the following context information has been obtained as:
• Roles and experience in years.
• Application type the organization is developing, using the empirically created taxonomy proposed by Forward and Lethbridge (2008) .
• Size of the organization.
• Size of the development team.
• Organization name (optional), allowing to identify the number of unique organizations captured.
• The experience with the development process for which the practitioner selects the practices and conducts the prioritization.
Part 2 Practices (RQ1 and RQ2)
To capture practice usage (agile as well as RD) over time, the practitioners could select which practices are used in the process, and when they started/stopped using the practice using interactive sliders. They also had the option to select ''do not know'' or ''did not use''). The design provided an insight on the details of practices adoption and revealed the exact order of applying and abandoning particular practices. The practices asked for are provided in Appendix 1.
Part 3 Benefits and limitations priorities (RQ3 and RQ4)
A suitable technique for showing the importance of particular elements is prioritization (Berander and Andrews 2005) . Two approaches allow to prioritize showing the relative importance, namely Analytical Hierarchy Process (AHP) and Cumulative Voting (CV). AHP is only suitable for a very small number of items to be prioritized; hence, hierarchical cumulative voting was chosen for this study (Berander and Jönsson 2006) . Cumulative voting means that a number of points (e.g., 100 points) are distributed between a fixed number of items according to relative importance. Practitioners prioritized external benefits (outcome variables relevant to the customer), internal benefits (positive attributes of the agile process used), and limitations (negative attributes of the agile process used). For benefits and limitations, given the high number of items, the items were classified into categories. Practitioners prioritize the categories and the items within the categories (i.e., prioritization in hierarchies Berander and Jönsson 2006) . Appendices 8 and 9 list the items that have been prioritized. The list of benefits and limitations (Part 3 of the survey) has been obtained based on the identified literature that focused on identifying benefits and limitations. We concentrated on different studies, such as case studies, secondary studies on agile aggregating a larger number of empirical agile studies, as well as surveys made in industry. Given that systematic reviews were already conducted, no systematic review approach has been used in this study. From the identified relevant papers, we utilized open and axial coding for the identification of chunks of statements that are related to agile benefits and limitations. For instance, all statements related to high testing effort for continuous testing were grouped. That way we achieved formulations for each individual benefit and limitation that was listed. Thereafter, relationships between them were determined. For instance, several types of efforts were mentioned related to testing; hence, these were classified into one category effort. In a similar way, all groups and their related benefits were created. Bear in mind that, even with an exhaustive search, it is considered not possible to identify all relevant studies (cf. Wohlin and Prikladnicki 2013) , there is a risk that benefits and limitations were missed. To reduce this threat, the survey was piloted and reviewed by experts.
Part 4 Contact
At the end, the participants were asked (optionally) to leave a contact email address and had the opportunity to comment on the questionnaire. The initial version of the questionnaire was tested before the final version was accessible to practitioners. The pilot study involved two experts of agile methods from Software Engineering Research Laboratory at Blekinge Institute of Technology, who separately reviewed the questionnaire. The changes were minor, including rearrangement of questions, adding more alternatives and free-response fields, language review, questions style unification, making some questions optional, and changing the taxonomy that classified developed applications by type (Forward and Lethbridge 2008) . No additional factors were added. When the questionnaire was made public, three practitioners suggested a few minor changes that were introduced.
The questionnaire was available in two language versions: in Polish and English. In each step, there was a validation mechanism checking whether the participant answered all mandatory questions completely.
Data collection
The data were collected using the questionnaire described in Sect. 3.3. As mentioned earlier, the sampling strategy was convenience sampling relying on personnel contacts as well as online communities (Twitter, Meetup, LinkedIn, agile communities, Yahoo, and Google groups). The respondents answered the online questionnaire with the guidance and explanations given in the questionnaire. The questionnaire used during the data collection can be found on the Web 1 .
Study execution
During 8 weeks (start date June 2012), 63 responses were collected, out of which 45 were complete. Each participant had to spend about 1 h to complete the questionnaire. Hence, each complete response added a high value to the research. However, some of the respondents decided to quit after completing the (2) practices part or skipped the practices part and proceeded to the following (3) benefits and limitations part. Therefore, the number of complete answers for both parts differs. For the (2) practices part, it is 40 and for the (3) benefits and limitations part, it is 39. Not all of the respondents who wished to take part in the study decided to complete the entire questionnaire. On the other hand, even partially complete responses were included in the analysis to enhance the value of the research where possible. Table 1 shows the number of complete answers for each part of the questionnaire. The numbers in Table 1 related to Part 2 and Part 3 indicate the number of valid answers. Valid means that the respondent did not skip any question nor provided answers not making sense, e.g., by marking all the practices with the ''do not know'' answer. Table 2 illustrates how many responses come from particular countries for Parts 2 and 3. Furthermore, the number of responses from personal contacts and communities is shown.
Analysis
In order to answer our research questions, it was necessary to illustrate how practices are combined to development models and what the practices adoption strategies are followed.
Identifying development models
The diversity of practice use was high. Hence, similar models need to be identified to conduct an analysis. For this purpose, a suitable solution was hierarchical cluster analysis. However, the distance measure algorithm was a matter of concern as the data were not continuous, but represented with 0 and 1 values. In this situation, Euclidean measures are not applicable, and other measures, such as Russell/Rao Index, Jaccard coefficient, matching coefficient, or Dice's coefficient had to be considered (Finch 2005) . Clustering of binary data is very similar to the application of many of these techniques (Finch 2005) . Hence, it was sufficient to choose any of them. Moreover, a posteriori examination of different clustering outcomes and graphical analysis of the processes defined by practitioners also revealed that clusters are more reasonable with this measure. The method chosen for cluster extraction was Ward's clustering algorithm as it was claimed to perform well at recovering clusters (Finch 2005 ).
Identifying adoption scenarios:
To identify adoption scenarios, it was necessary to examine the scenarios in a graphical way. Six adoption scenarios have been identified by looking at (a) What was the start situation (e.g., more agile or RD, pure or hybrid)?; (b) What was the end-situation?; (c) How did the organizations move between the two states?.
Analyzing the priorities
The data collected on benefits and limitations were structured as follows: (1) the level of categories (groups of benefits and limitations) and (2) level of factors (single benefits and limitations within the categories). There was a need to structure the data analysis approach and apply a method that would make it possible to show the relation among factors within groups as well as from a global perspective (all factors). Kuzniarz and Angelis developed a framework, EHV-F (Kuzniarz and Angelis 2011) to analyze hierarchical cumulative voting data. The validity of the framework has been checked in (Kuzniarz and Angelis 2011) .
Results
Research context
In the development process, stakeholders of diverse interests and needs are involved (Saiedian and Dale 2000) . Most often, responses come from programmers (44.44 %), process experts (17.22 %) and project managers (13.33 %) . The most experienced group of respondents are process experts (16 years) . In general, the respondents are experienced practitioners. Only few answers have been provided by persons in the roles quality assurance and business analyst. With regard to software types, most of the answers (80 %) fall into the category of datadominant software (e.g., Web browsers, implementation tools, applications for viewing information, and online booking). The group that had no responses is computation-dominant software (e.g., information processing). Only few answers fall into the categories of control-dominant software (13.33 %), such as embedded or real-time software), or software systems (6.67 %), including operating systems, support utilities, and middleware.
Organizational culture differs (e.g., in terms of flexibility, absence of bureaucracy, rigidity in decision making, and many more) with respect to its size (Judy et al. 2003) . In the survey, companies in the range of less than 50 employees up to 4500 and more employees participated. Responses were evenly distributed among organizational sizes. The most frequently reported development team size was ''less than eleven'' (around 76 % of responses). Still, there have been answers that revealed teams of more than 10, 20, or 40 members.
Answers from 22 unique companies have been received. Five organizations contribute to around 30 % of the answers, while 17 unique organizations contribute to around 34 % of the answers. Overall, this indicates that the results are not biased to an individual company.
The respondents were requested to answer how often had they followed the current development process that they attempted to define. About 40 % of the respondents declared a thorough knowledge of the process, 44 % answered that they had followed the process in many projects, and 15 % had followed the process at least in a single project.
RQ1: Which practice combinations are currently used by practitioners?
Cluster analysis showed the distance between individual answers. Groups of similar develop models could be identified, and each group contained a number of models reported by the respondents (see Figs. 1, 2) . The remaining answers were very distant to each other and could not be grouped due to a lack of similarity, as identified by the algorithm. In the analysis, the remaining answers are treated as an own category ''Others'' in Sects. 4.4 and 4.5.
Members of Cluster16 follow an agile process with few RD practices, claiming to use all of the agile practices with a few exceptions. There is some disagreement in applying the following practices: (1) on-site customer (applied in 40 % cases), (2) pair-programming (50 % cases), (3) test-driven development (70 % cases). However, the remaining practices are agreed on at least in 90 % of cases. Members of Cluster16 strongly agree on applying the repeatable development process practice (80 %). There are less noticeable signs of applying other RD practices: (1) up-front documentation of requirements, (2) extensive time planning, and (3) detailed management plans and documentation.
Members of Cluster13 apply many agile practices (from 64 to 71 % of the entire set), and overall, it represents a balanced hybrid process. Pair-programming and test-driven development are not applied at all. The group is characterized with frequent application of up-front documentation of requirements (100 %) and detailed up-front architecture design (75 %). The remaining RD practices are also applied by the members. The development process is a balanced hybrid and mixture of agile and RD practices, where the average ratio of RD practices and agile is 2:3, respectively.
The process described by the members of Cluster10 is mainly agile. All the practices applied by these organizations are considered belonging to agile development approaches based on the literature.
The process described by the members of Cluster11 is dominated by RD practices with only few agile elements. The members claim to apply 6 out of 7 RD practices (detailed upfront architecture design is not applied).
4.3 RQ2: Which strategies were followed in adopting agile practices over time?
The respondents were asked to mark on a time line the points in time when each agile or RD practice was adopted by their organization. This allows to investigate how the practices combinations are developed. The order of practices and strategies of adoption can be observed (e.g., big bang adoption and incremental). Also, organizations being different and not comparable to others in the set were assigned to the category ''Others.''
The data were analyzed in a graphical way. For each of the responses, a graph with practices and their layout with respect to time was drawn. Out of all responses, 18 cases were found as relevant to investigate agile adoption strategies. Four groups and six scenarios have been distinguished. The criteria for creating the groups were as follows: the initial process (e.g., RD or agile or both), the change in process over time (e.g., if some practices are adopted, are any other abandoned-transition). A visual representation of the identified scenarios is shown in Fig. 3 . Group 1 contains organizations that significantly transform from RD to agile (represented by 4 organizations). Two scenarios were observed, incremental and big bang. In the case of the incremental and big bang scenario, it was important to have a repeatable development process before and after the transition. Detailed management plans and documentation centric processes were not abandoned, and were emphasized also after the transition.
Group 2 represents organizations that enrich their RD process with agile practices (represented by 3 organizations). The initial process only has a few practices implemented that are emphasized in agile, such as collective code ownership and face-to-face communication.
Group 3 represents organizations that have initially a very complex development process and shape the process over time (top-down style), represented by 2 organizations. Here, the initial process is very complex in terms of practices used, that is, approximately 85 % of all the practices surveyed were implemented in the processes of these organizations.
Group 4 recently created organizations building their processes over time (bottom-up style) using two different scenarios, represented by 9 organizations. In the first scenario, the organizations already have continuous integration, iteration planning meeting, iteration reviews, and on-site customer implemented. In the second scenario, the process starts with having time-boxing, short iterations and releases, and iteration planning meeting. Petersen and Wohlin 2010) . Internal benefits are related to the development organization, such as knowledge and learning and employee satisfaction. Each benefit category is broken down into additional benefits, e.g., knowledge and learning contains communication, cooperation, and adaptability skills (see Appendix 2) . The analysis is conducted for all answers, for different combinations of practices currently used (based on RQ1), and scenarios of practice adoption over time (based on RQ2). Figure 4 shows the ratings of external agile benefits in the form of a heat map. The answers are split into all respondents, respondents grouped by their use of practices, and their adoption strategy. Answers that could not be grouped due to a lack of similarity are considered in the category ''Others.'' The darker the color (in this case green), the higher the rating by the respondents. Five items have been prioritized relative to each other, i.e., the average importance is 20 (100 divided by the number of items). For one item to be above average (i.e., is considered important in relation to other items), another value needs to be below (i.e., is thought unimportant).
External benefits
In the following, we highlight interesting observations for all respondents, groups of practices used, and adoption strategies. For all answers, it can be observed that no benefit clearly stands out, while insignificant benefits are Cost and Time.
Concerning groups of practices used the prioritization of agile with few RD practices, and the balanced process are similar. The data show that the companies achieving time and cost benefits combine their practices as in Cluster10, while companies emphasizing value and quality would choose one of the remaining clusters. The first three adoption strategies in Fig. 4 (Groups 1 and 2) are relatively balanced, while Groups 3 and 4 (scenario 6) have very low values for time or cost improvements. Figure 5 shows the prioritization of the internal benefit categories. The ten categories described in Fig. 5 were prioritized. Furthermore, the prioritization within the categories is shown in Fig. 6 . Looking at both figures combined, we highlight the interesting patterns in the data.
Internal benefits
In Figs. 5 and 6, it is visible that with all answers combined, the results are balanced, with only few items below average importance.
Comparing the groups of practices used, it is evident that Clusters 16 and 13 are hybrid processes having similar patterns, while clusters 10 and 11 emphasize specific benefits much stronger (see Figs. 5 and 6). The agile process stands out in improving confidence and satisfaction, as well as people feeling purposeful. The rigid development process with few agile practices is particularly strong in improving turnaround for bug fixing, and utilizing testers more efficiently (see Fig. 6 ), the same being true for utilizing an incremental adoption strategy. The least cost efficient combination of practices is to balance agile and rigid development practice, while balancing led to the highest values for monitoring and controlling.
Benefits in verification and validation are highlighted in three out of the six identified adoption strategies (Fig. 5) . Knowledge and learning is most strongly facilitated in the incremental adoption of agile practices (see Figs. 5 and 6 ). For the groups of practices used, the priorities are evenly distributed in the case of the balanced process. The practitioners also did not prioritize professional and skill-specific demands highly for the balanced process, while the heat map in Fig. 7 shows that the priority values are at least three times higher for the alternatives. On the more detailed level, it is visible that, depending on the groups of practices or adoption strategies used, the specific skills required for the different alternatives differ (see Fig. 8 ).
For the adoption strategies, professional skill-specific demands in Groups 1 and 2 in Fig.  7 have been rated approximately twice as high as in the remaining adoption strategies. It is also evident that employee dissatisfaction is considered as irrelevant by Groups 1 and 2, while it has a relatively high priority in Groups 3 and 4. Furthermore, testing effort received relatively high values in Group 4. Tables 3 and 4 highlight the top-ranked benefits in relation to the combinations of practices used and adoption scenarios. Table 3 shows knowledge and learning perceived as a significant benefit across all identified approaches, which were attributed to improved communication and achievement of a common understanding. At the same time, professional skill demands were clearly Tables 3, 4 ) Also, concerns of scalability and increased testing effort were widely regarded as major limitations in general, except for using those practices of Cluster10. Comparing with the literature, scalability is often mentioned as a concern for using agile methods (Hayata and Han 2011; Petersen and Wohlin 2010; Vijayasarathy and Turk 2008) . However, research also acknowledges that scalability is considered as a rather manageable risk of using agile (Boehm and Turner 2003) , and solutions are mentioned in Petersen and Wohlin (2010) . Vijayasarathy and Turk (2008) also identified a steep learning curve as one of the major hinders in adopting agile. This also became visible when we investigated the adoption scenarios over time. With the big bang transition and major changes made to the initial process, professional skill-specific demands and items within that category were visibly highlighted (see Figs. 7, 8) .
Discussion
Reflections on practice usage and adoption strategies
Besides having many prioritizations in common across clusters and adoption strategies, there were also major differences. As one example, time as an external benefit has been rated very highly for Cluster10 (agile) and Cluster11 (RD/agile), while this was not the case for other practice combinations (see Fig. 4 ). As another example, if one would like to excel in terms of time and cost, the survey indicates that practices of Cluster11 are best suited, while to perform very well on value Cluster10 is emphasized (see Fig. 4 ). On the other hand, if all benefits should be achieved good degree, Clusters 16 and 13 would be the preferred ones (see Figs. 5, 6) . Given that numerous differences were observed between the strategies, this research indicates that adoption strategies as well as practice combination have an important impact on the benefits achieved and the limitations manifesting themselves. Details on which benefits and limitations are reported for combinations of practices and adoption strategies are provided in Sects. 4.4 and 4.5.
Practical implications
Independent of the set of practices used or the adoption strategy followed, when comparing for the adoption of agile practices, practitioners should assure sufficient training of the software developers, e.g., by utilizing agile experts and coaches. This is of particular relevance given that the category professional skill-specific demands were highly prioritized. In the training, it should be observed that all members require high qualifications and also should have a comparable level of qualifications. Furthermore, managers also need to be sufficiently trained. Scalability issues need to be addressed, which were mainly related to distributed environments and applicability to large teams.
The results presented allow practitioners to choose the benefits (internal as well external) they would like to achieve most and the limitations they are willing to tolerate, address, or would like to avoid. As mentioned earlier, many benefits and limitations differ in their severity between combinations of practice usage and adoption strategies. With this information, the results allow practitioners to choose the practice combination and adoption strategies that would fit their priorities best (e.g., balanced distribution of benefits versus highly emphasizing a specific benefit, such as cost). However, it is important to highlight that the information provided in this paper should be used to reflect and discuss, rather than to automatically choose an approach from the data. To achieve this level of confidence, further studies are needed, as is discussed in the research implications.
Based on the data, multiple observations could be made. We present the observations, compare them to the related work, and highlight the main lessons.
With respect to benefits of agile adoption, two main observations could be made.
Software Qual J (2016) 24:447-482 465 Observation 1: The most significant external benefits visible outside the organization were value, relationship with the customer, and quality.
Comparison with related work: One of the main concepts of agile is to deliver products that the customers desire (Fowler and Highsmith 2001) . As our research has shown, this is the most recognizable benefit by the surveyed practitioners. The customer is involved in the development process and can respond to changes or doubts very quickly. In our study, this is confirmed by the high rating of value delivered and the importance of the relationship with the customer. It has been reported in the literature that agile leads to improved quality of software and decreased lead times . Whereas the first benefit maps to the results of the survey (Quality benefits), the second (Lead time) was identified as the least significant benefit of agile for the customer in this survey. The top agile benefits that appear in the research by Vijayasarathy and Turk are as follows: (1) better meets customer needs; (2) improved software quality; (3) increased flexibility in development; (4) faster time to delivery; (5) lower development costs. They recognized (4), faster time do delivery, as a very significant benefit of agile usage. The agile adopters in our study report this benefit as the least significant. The other benefits map well to the results of this study.
Implications: In the long run, it turns out that increased value, relationship with the customer and quality, remains the most essential benefits of using agile.
Observation 2: The most significant internal benefit categories from adopting agile are knowledge and learning, employee satisfaction, social skill development, and feedback and confidence. On the detailed level, agile makes people feel purposeful, improves knowledge transfer and learning between team members, leads to early requirements validation due to frequent feedback, and improves turnaround time for fixing bugs.
Comparison with related work: In general, it can be observed that the benefits of agile are strongly related to human factors. As it was mentioned in the Agile Manifesto (2001), ''it's people who make the difference between success and failure'' and ''it's important to maximize that first-order people factor''. Agile embraces the social aspects and supports the quality of the working life. The prioritization of benefits partially overlaps with the one presented in Begel and Nachiappan (2007) . The top reported agile benefits of the study were (1) (2) is recognized as a practice in this research. Nevertheless, the benefit number (1) refers to social skills development and knowledge and learning, whereas (3) is strongly linked to feedback and confidence.
Implications: Based on the results above, it is recommended that practitioners should adopt agile methods in order to increase employee satisfaction, improve knowledge transfer and learning, help people develop social skills, and increase confidence of the development teams that what they are doing is consistent with what customers expect.
Observation 3: Professional skill-specific demands, scalability, and lack of suitability for specific product domains are the main limitations of agile practice usage. On a detailed level, agile requires sufficiently trained managers and high qualifications from all team members. It provides limited support for developing safety-critical systems and is not applicable to large teams.
Comparison with related work: Skill demands and scalability were rated as relatively important over other elements. Professional skill-specific demands are an agile matter that has already been raised in the literature Boehm and Turner 2003) . Building an effective agile team is challenging. Lack of experience may result in great delays when new practices are implemented (Ganis et al. 2005 ). Other issues were reported when a team consisting of very experienced quality assurance professionals was trying to adapt automated testing into their new agile process (Sumrell et al. 2007) . In this case, only agile consultants' coaching could finally guide the team to make the process work properly. Moreover, managerial skills are crucial. The team leader is responsible for constant reduction in risks, recording the progress of his team, and reacting to each difficulty as soon as possible (Rising and Janoff 2000) .
Scalability is a recognized issue of agile methods. It is often assumed that agile is only suitable for small teams and projects (Hayata and Han 2011) . However, scalability is considered as a rather manageable risk of using agile (Boehm and Turner 2003) . Although some possible solutions exist , the majority of the research participants have recognized scalability as a relatively significant limitation and it is still an open issue to be addressed by researchers. Vijayasarathy and Turk (2008) revealed limitations that appear when adopting agile methods. The most important ones were limited support for distributed development environment; limited support for development involving large teams; steep learning curve. These issues relate to scalability as well as learning. Furthermore, the lack of suitability for developing safety-critical software was identified by Vijayasarathy and Turk (2008) as a major factor, aligning well with our results.
Implications: It is recommended that practitioners should invest in training on agile in order to make the adoption work effectively. As it has been observed in previous studies, practitioners underestimate the need of high professional skills. However, in this study, it is apparent that lack of knowledge on agile methods is one most significant obstacles on the way to effective agile processes. With respect to scalability, it was observed that agile methods were successfully applied also in large-scale organizations (c.f. Petersen and Wohlin (2010) ). Given that scalability is still perceived as a major limitation by practitioners, technology transfer from research and practice is needed to help organizations in large-scale agile development. In particular, quality of design seems to be an issue that needs to be addressed so that practitioners could benefit from agile adoption in large-scale organizations.
Observation 4: Different benefits and limitations in relation to practice combinations are observed. In particular, agile with few rigid development practices and balanced processes allow to achieve a high number of benefits.
Implications: Based on the results reported, we found that agile adoption is beneficial. Our research indicates that practitioners should aim at agile-dominated processes with a few rigid development practices. In contrast to other development models, this approach allows to perceive a number of benefits of relatively similar significance in all development-related aspects (e.g., quality and employee satisfaction). Choosing a different model (e.g., rigid development with few agile practices) leads to excellent performance in verification and validation, though other benefits are compromised (see Fig. 5 ).
Observation 5: Different benefits in relation to adoption strategies are observed depending on adoption scenarios. For example, big bang transition from RD to agile leads to poorer quality in comparison with the alternatives.
Implications: Thus far, we were not able to identify a study looking at agile adoption over time; hence, no related work is reported. Based on our findings (see Figs. 5 and 6), it is recommended that organizations, which decide to switch from traditional approaches, should conduct the transition in an incremental way. In contrast to a big bang transition, a number of benefits is perceived with this approach, the most highly rated ones being adaptability and increased quality of code as well as of design.
Rigid development organizations that decide only to adopt a few agile practices also experience improvements to their processes. It is also suggested that recently created organizations should build their process in an incremental, bottom-up way instead of tailoring an initially complex process (top-down). The practices that should be introduced at first are mainly related to increased interaction within development units through small teams and face-to-face communication. They were a starting point in the process of agile adoption in most of cases.
Observation 6: Not only RD practices are abandoned over time, but also agile practices. The most frequently abandoned agile practices are pair-programming, test-driven development, and continuous integration with testing. Table 5 shows the frequency of abandonment of practices over time.
Implications: Due to the dynamics of market and the need of being flexible to frequent requirements change, practices such as detailed up-front architecture design, detailed management plans, extensive process documentation, and sequential development are no longer applicable and should be used to a minimal extent if necessary. The research has shown that organizations, which follow agile-dominated processes or decided to switch to agile from traditional approaches, perceive a number of benefits and claim to follow much more reasonable and effective processes. However, some agile practices are also abandoned over time. To remind, the most significant limitations of agile are related to the lack of specific professional skills. The reason for relatively frequent (when compared to other practices) abandonment of practices such as pair-programming, test-driven development, or continuous integration with testing might be strongly related to the required skills. The issues related to the application of test-driven development (Ganis et al. 2005 ) and continuous integration with automated testing (Sumrell et al. 2007 ) have already been reported in the literature. The reasons given in the studies were related to lack of professional experience, agile coaching, professional knowledge, etc. The abandonment of practices indicates that there are challenges in their application. The purpose of this study was different, and it provides too little data in its current version. Nonetheless, this observation is considerable and the problem should be further investigated by agile practitioners and researchers.
Research implications
In this research, we investigated how practices are adopted over time by practitioners. As the history and time perspective is often not considered in case studies, these classifications could be used to reflect on how agile has evolved over time when conducting longitudinal studies in agile software development. Such studies were regarded as important by (Dybå and Dingsøyr 2008) , who highlighted that only few of such studies exist in the literature.
Looking at clusters of practice adoption, it was very evident that practitioners tailor the development processes to their needs, as several different clusters have been identified. Though it was noticeable that certain practices appear together, referring to agile processes in practice can mean very different applications of practices. In this study, we utilized labels to reflect and refer to groupings. However, this was primarily done for the purpose of referring to clusters and approximating what they are presenting.
When looking at the whole data set (not distinguishing between clusters), the results were quite balanced. However, when looking at the individual groupings, a few prioritizations were very different. Thus, when inferring results from agile, what agile means has to be characterized on a more fine-granular level in study reporting. Otherwise, it is not possible to compare studies on agile with each other. In particular, the set of practices and the adoption strategy would be useful to report in combination with additional contextual information (cf. ).
We captured cost and effort drivers in the survey. However, it would be important to consider corporate measures of cost associated with organizational transformations. Given that a survey instrument was used, we could not capture accurate cost measures based on, for example, time reporting. Furthermore, important contextual events (e.g., major releases) affecting the cost could not be captured. Thus, we highlight that the research in this paper needs to be complemented by industrial case studies to provide reliable information on cost figures.
Bear in mind that, to the best of our knowledge, this is the first study focusing on identifying the relative priorities of agile benefits and limitations, and relating them to practice usage and adoption strategies, the findings provide valuable indications and allow to develop propositions. Petersen and Gencel (2013) proposed a classification of validity threats to be discussed in empirical software engineering studies.
Threats to validity
Descriptive validity (Factual accuracy) This threat is concerned with the ability to objectively describe the reality as perceived by the practitioners. One threat was related to the ability of respondents to indicate the relative significance of the benefits and limitations. The respondents could find it hard to compare a number of issues related to highly different development aspects. The number of comparisons needed was reduced by voting in hierarchies (Berander and Jönsson 2006) . To assure the understandability of the benefits and limitations, an external expert reviewed the questions. For the purpose of extensive research in Poland, it was decided to translate the questionnaire into the Polish language. The risk of wrong and ambiguous translation was partially reduced thanks to feedback and language checks by two IT developers fluent in both languages. Furthermore, there is a need to have practitioners with the experience using the development processes. Overall, the experience of the participants was quite high.
Theoretical Validity Theoretical validity is concerned with the ability to capture what we intend to capture, as well as with potential confounding factors. There might be more factors that were not part of the study. To reduce this threat, the respondents had the opportunity to leave comments about the practices or missing benefits and limitations at the end of the questionnaire. Numerous studies (see related work in Sect. 2) already conducted qualitative research in these areas, providing a sound foundation for benefit and limitation identification. In addition, an external agile expert that was not involved in the research reviewed the lists and did not identify any missing items. Maturation is a threat to the theoretical validity, e.g., we cannot be sure if the practitioners read through all benefits and limitation items in their respective categories before prioritizing. To reduce this threat, we relied mainly on personal contacts. Furthermore, we tested the questionnaire to take about an hour to finalize, informing the participants prior to participation. Important confounding factors when conducting industrial studies are, for example, skills of developers, roles and perspectives, scale, as well as product domain (cf. ). These have been captured and considered in the interpretation of the results and validity of the study (in particular external validity). Furthermore, it is important to note that no causeeffect relationships could be determined, only how the situation changes when looking at the data from different perspectives (e.g., with respect to development models).
Interpretive validity Interpretive validity is concerned with researcher bias and the ability to draw reasonable conclusions given the data. In order to reduce this threat, an existing analysis framework (Kuzniarz and Angelis 2011) has been applied, providing guidance of how to visualize and interpret cumulative voting data.
Generalizability This type of validity is concerned with the degree to which we can generalize the results. Given the intention to capture rich information about benefits and limitations in relative comparison, the number of answers was limited, similar to what has been observed in previous cumulative voting studies (Kuzniarz and Angelis 2011; Rovegard et al. 2008 ). Looking at the demographics, the study shows that the majority of responses come from the actual development perspective, followed by process experts. Hence, this perspective is well represented, while few persons answered from the business perspective and quality assurance perspective. Answers are evenly distributed with respect to organizational sizes, which indicates good coverage. Furthermore, a high number of unique organizations has participated, assuring that the results are not biased toward a particular organizational context. Since the cross-analysis of development methods and adoption strategies with perceived benefits and limitations has not been done before, no direct comparability of the data distributions was possible. However, there was a study on agile practices adoption, which results are similar to this research (Kurapati et al. 2012) . The number of participants from Poland is overrepresented. Given that we cannot be assured (and did not find any evidence to that account) how the Polish software industry does or does not differ from software industries in other countries, we cannot be sure to what degree the findings can be generalized. Hence, given that this is an initial exploration of how benefits and limitations are prioritized relative to each other, and to other practices, there is a need for replications to further strengthen the generalizability.
Conclusion
The aim of this research was to understand which practice combinations are used in industry and how these relate to agile benefits and limitations. For that, four research questions have been formulated for this research, concerning which practices are combined, which strategies are followed in adopting practices over time, and which benefits/ limitations result from using the practices.
The aim was achieved through a targeted survey based on the existing evidence and a multidimensional data analysis. The means for obtaining data is a Web-based questionnaire with an interactive board with practices and time indication sliders (to capture applied development models and practices adoption strategies) and hierarchical cumulative voting (to measure the relative significance of benefits and limitations). The data analysis is supported by hierarchical cluster analysis and an extended hierarchical voting analysis framework (EHV-F).
In total, 45 practitioners have been successfully surveyed. The commonness of the use of 21 development practices was investigated. The relative significance of agile adoption benefits (32 factors in 10 categories) and limitations (23 factors in 7 categories) was measured with respect to a global view (all respondents and perspectives), different agile adoption strategies as well as distinguished development models. Four research questions have been explored. RQ1: Which practice combinations are currently used by practitioners? The respondents were asked to define their development processes in terms of practices that they applied. A hierarchical clustering algorithm was applied in order to classify practices that are commonly applied together. The most popular combinations are as follows: (1) face-toface communication facilitates frequent planning and reporting and prioritized list of requirements development and management, (2) iteration planning meeting and iteration review and retrospectives are a strongly linked combination, both facilitated by small selforganizing cross-functional teams, (3) continuous integration with testing facilitates short iterations and releases. Four different ways of combining practices were distinguished: (1) agile process with a few rigid development practices; (2) hybrid, balanced process; (3) agile process; and (4) rigid development process with a few agile elements. It is apparent that agile is frequently combined with rigid development approaches; however, agile often dominates over rigid approaches.
RQ2: Which strategies were followed in adopting agile practices over time? The development models were analyzed in a graphical way in order to observe agile adoption strategies. Different adoption strategies toward agile development models were distinguished. The patterns were: (1) a great incremental transition from rigid development toward agile; (2) a great big bang transition from rigid development toward agile; (3) incremental adoption of agile practices to a rigid process; (4) tailoring of a complex hybrid process (bottom-down); and (5) developing an initial simple agile process by adopting other practices (bottom-up).
RQ3: Which are the most significant/insignificant benefits of agile practice usage? The most significant benefits externally visible to the customer were value, relationship with the customer, and product quality. The most significant benefits within the company were improved knowledge and learning, employee satisfaction, social skill development, and feedback and confidence. Agile development makes people feel purposeful, improves knowledge transfer, and learning between team members, leads to early requirements validation due to frequent feedback, and improves turnaround time for fixing bugs. As product quality is important, when transitioning from rigid to agile development, a big bang transition should be avoided as it leads to poorer quality in comparison to the alternatives.
RQ4: Which are the most significant/insignificant limitations of agile practice usage? Professional skill-specific demands, scalability, and lack of suitability for specific product domains are the main limitations of agile practice usage. Agile requires sufficiently trained managers and high qualifications from all team members. It provides limited support for developing safety-critical systems and is not applicable to large teams. We also observed that not all agile practices may lead to the desired benefits. The most commonly discarded practices that were tried in the studied companies were pair-programming, test-driven development, and continuous integration with testing. Hence, there is a need to understand why companies did not consider the practices to be useful enough to continue using them.
Further studies are needed in order to further substantiate the findings. In particular, we propose to continue the line of research in the following ways: (1) continue the research and extend it to a broader population in order to achieve increased generalizability of the results; (2) address this research to new adopters as well as there is little information of what organizations expect from agile adoption, and what they actually achieve over time (short-term vs. long-term); (3) focus on the limitations of agile adoption found through this study as significant (e.g., professional skill-specific demands, agile scalability) and research solutions that would help to overcome these challenges.
16. Continuous integration with testing: Software is built frequently, even few times a day, accompanied with testing (e.g., ten-minute builds, automated unit, regression, etc.) 17. Short iterations and releases: Frequent releases of the software, at most 3-4 months, early and continuous delivery of partial but fully functional software 18. Iteration reviews, retrospectives: The entire team participates in selecting features to be implemented in the following iteration, estimating resources required to implement them, consensus based, e.g., planning game, the Wideband Delphi Estimation, planning poker, etc. 19. Iteration reviews, retrospectives: Meetings after each iteration to review the project, discuss threats to process efficiency, modify, and improve, build up the software development process 20. Test-driven development: Writing automated test cases for functionalities and then implementing the tested functionalities until the tests are passed successfully 21. Collective code ownership: Everybody in the team can change the code of other developers in case of maintenance, bug fixing or other development activities 3.1.
Agile leads to empowerment of the engineers and thus increased motivation due to its technical focus (e.g., frequent milestones and short iterations) Agile makes people feel comfortable and relaxed, yet purposeful and productive (e.g. due to common ownership of product, 40 h week, discussion of issues) (Dybå and Dingsøyr 2008; Petersen and Wohlin 2009). 3.3. Agile increases confidence and satisfaction (from the perspective of the internal organization) of the product being developed as it gives the confidence that the developed software is what the customer desires (e.g., the team is capable to achieve at hand and quickly understand where the limitations were) Dybå and Dingsøyr 2008; Vijayasarathy and Turk 2008) . 3.4.
Agile makes people feel purposeful as the team is a self-organizing community with a culture that emphasizes shared responsibility (e.g., team members have influence on decisions, there is a need to collaborate in order to achieve goals) (Dybå and Dingsøyr 2008) .
4. Feedback and confidence: Agile increases the confidence of development team that what they are doing is appropriate. The feedback from customer is frequent and decisions are verified very soon.
4.1.
Agile allows to verify design decisions very soon due to frequent feedback (e.g., feedback from integration tests) ). 4.2.
Agile increases the awareness of what has to be developed thanks to close cooperation with the customer (e.g., by on-site customers) (Dybå and Dingsøyr 2008; Petersen 2011; Petersen and Wohlin 2010) . 4.3.
Agile leads to soon requirements validation due to frequent feedback on their work (e.g., feedback from customers after software presentations) Vijayasarathy and Turk 2008) .
Quality:
Agile results in improved quality of software products.
5.1.
Agile results in higher quality and reuse of code (e.g., ongoing refactoring, test-first programming, and programming in pairs) Begel and Nagappan 2007; Vijayasarathy and Turk 2008) . 5.2.
Agile leads to improved quality of design, architecture and performance as design decisions are verified very soon .
6. Verification and validation processes improvement: Agile leads to improved, more efficient verification and validation processes.
6.1. Agile leads to improved turnaround time for fixing bugs due to early discovery and handling of issues and thus following development relies on verified work Petersen 2011 ). 6.2.
Agile provides much quicker and more thorough response to defects as responsibility for measuring quality is moved from the managers to the developers (Dybå and Dingsøyr 2008) . 6.3.
Agile leads to more efficient use of testers' time as in small teams testing and design can be easily parallelized due to short ways of communication between designers and testers (instant testing) ).
